INTRODUCTION
Lung cancer, including non-small cell lung cancer (NSCLC), is a major cause of cancer-related deaths worldwide. In 2013, an estimated 159,480 patients died of lung cancer in the United States, which accounted for approximately 27% of all cancer-related deaths (American Cancer Society, 2013) . The high mortality rate for patients with NSCLC is largely due to the fact that most patients are diagnosed with advanced stage disease or are resistant to standard treatments. The strategies for treating patients with advanced NSCLC include chemotherapy, targeted therapy and supporting care. A series of randomized trials have demonstrated that chemotherapy regimens provide a similar, modest level of efficacy in treating NSCLC (Azzoli et al., 2009; Bunn et al., 2002; D'Addario et al., 2009; Grossi et al., 2009; Scagliotti et al., 2008) , while targeted therapeutic agents, such as Erlotinib and Gefitinib, improved the objective response rates in patients with EGFR mutation. However, the addition of chemotherapy to the targeted therapeutic agent regimen did not prolong the survival time (Gatzemeier et al., 2007; Giaccone et al., 2004; Herbst et al., 2004 Herbst et al., , 2005 .
Since it was first introduced by Eshhar et al., chimeric antigen receptor (CAR) redirected T cell therapy has emerged as a promising strategy for treating malignancies (Eshhar et al., 1993) . Unlike T cell receptors (TCRs), CARs are synthetic receptors containing an extracellular antigen recognition domain, a transmembrane domain and a cytoplasmic signaling domain. Therefore, CARs are capable of redirecting the specificity of T cells and NK cells to tumor-associated antigens (TAAs) expressed on the tumor cells by recognizing the targeted antigen in a major histocompatibility complex (MHC)-independent manner . Today, most of the dramatic successes of CAR-based immunotherapy have been achieved in malignant hematological diseases, such as anti-CD19 CAR-T cells in treating acute lymphoblastic leukemia (ALL), chronic lymphocytic leukemia (CLL) and non-Hodgkin lymphomas (NHL) (Brentjens et al., 2013; Grupp et al., 2013; Kochenderfer et al., 2012 Kochenderfer et al., , 2015 Porter et al., 2011) , as well as CD20-specific CAR-T cells in treating NHL (Till et al., 2008 (Till et al., , 2012 . However, there are few studies with regard to solid tumors, particularly with regard to NSCLC.
Epidermal growth factor receptor (EGFR), also known as human epidermal receptor 1 (Her-1), is a transmembrane glycoprotein that is expressed in both epithelial cells and many epithelium-derived malignancies. EGFR overexpression results in gene amplification and mutation, which affects cell proliferation, survival, metastasis and tumorinduced neoangiogenesis (Ciardiello et al., 2008) . Compared to normal lung tissues, the significant elevation of low-and high-affinity of binding sites in lung carcinomas makes EGFR a promising therapeutic target (Salomon et al., 1995) . Therefore, we select EGFR as the target for adoptive T cells expressing CARs to investigate the safety, feasibility and activity of CAR-T cell therapy in patients with advanced relapsed/refractory NSCLC.
RESULTS

Patients characteristics
Six female patients and five male patients with advanced relapsed/refractory NSCLC were enrolled in this study (Table 1). The median age of the patients was 58 years (range 40-66 years). The grade of EGFR expression determined by the immunohistochemistry (IHC) method were at least 50% (Table S1 in Supporting Information). The ratio of adenocarcinoma to squamous cell carcinoma was 8 : 3. All patients had at least one relapsed/metastatic or therapeutic-resistant lesion. We defined therapeutic resistance as no achievement of at least a partial remission (PR) within the latest treatment cycle before enrolling into the anti-EGFR CAR protocol. In cohort 1, four patients were administered CAR-T-EGFR therapy without any conditioning regimens. In cohort 2, two patients were conditioned with cyclophosphamide alone prior to CAR-T-EGFR cell infusion. In cohort 3, two patients were administered cyclophosphamide, pemetrexed (500 mg m −2 ) and cisplatin (75 mg m −2 ), and three patients were administered cyclophosphamide, docetaxel (75 mg m −2 ) and cisplatin (75 mg m −2 ).
Generation, characteristics and specific cytotoxicity of patient-derived anti-EGFR CAR-T cells
After culturing for 10 to 13 days, the CAR-T-EGFR cell products were successfully generated for all patients and released for infusion ( Figure 1B ). (Table S2 in Supporting Information). In total, a median of 29.28% (IQR, 20.87% to 31.22%) of T cells were expressed the CAR as tested by flow cytometry analysis ( Figure S1 in Supporting Information). The specific cytotoxicity of the CAR-T-EGFR cells was observed after co-incubation with the EGFR + cell line A549, MCF7 and HeLa ( Figure 1C ), which demonstrated that these cells from patients possessed specific cytolytic activity against EGFR-positive tumor cells. The CAR-T-EGFR cells produced cytokines in an EGFR-specific manner ( Figure 1D ). The CAR-T-EGFR cells produced high levels of interferon (IFN)-gamma, tumor necrosis factor (TNF)-alpha, interleukin (IL)-2, IL-4, IL-6, granulocyte-macrophage colony-stimulating factor (GM-CSF) and Granzyme B when they were co-cultured with EGFR overexpressing tumor cells, whereas no significant elevation of cytokines secretion were observed when the CAR-T-EGFR cells were co-cultured with EGFRnegative tumor cells.
The persistence of CAR-T-EGFR cells in the peripheral blood and tumors
The persistence of CAR-expressing T cells in the peripheral blood was measured by quantitative real-time PCR (Q-PCR) . This was used to analyze the genomic DNA from the patients' peripheral blood that was collected at serial time points to determine the persistence of these cells in vivo (Figure 2A ). The CAR-T-EGFR cells were detectable for 11 to 34 days in patients 2, 5, 9 and 10. In contrast, the CAR-T-EGFR cells were sustainable for seven to 37 weeks documentation of response post CAR-EGFR T cells infusion until progression. **, Patient 9, having a history of mantle cell lymphoma (MCL), was diagnosed as right lung adenocarcinoma one year ago and PET/CT identified the relapse of MCL meanwhile. Considering the co-existence of lung cancer and MCL, she was administrated with chemotherapy regimens consisted of gemcitabine, cyclophosphamide, vindesine and prednisone (COP), which could be effective to both malignancies.
in the other seven patients. CAR copy numbers in peripheral blood maintained a high level (>1,000 copies mg −1 gDNA) for more than four weeks in patients 1, 2, 3, 6, 7, 9 and 10.
In order to demonstrate whether the CAR-T-EGFR cells could effectively traffic into the tumor tissues, the level of CAR-T-EGFR cells was also determined in the biopsied tumor tissues by Q-PCR. Four out of 11 patients received tumor biopsy by fine needle aspiration (FNA) after the anti-EGFR CAR-T cell infusion. Among these four, patients 1 and 8 had newly emerged metastatic lymph nodes in the left supraclavicular fossa with the short axis larger than 15 mm. Meanwhile, the level of CAR-T-EGFR cells infiltrating into the tumor tissues was measured in patients 2, 6 and 8 (Figure 2B) . Compared with the level of CAR-T-EGFR cells in the peripheral blood of patient 1 at 26 weeks, patient 2 at six weeks, patient 8 at six and 16 weeks, respectively, CAR-T cells could specifically accumulate in the tumor tissues ( Figure 2B ).
Safety of CAR-T-EGFR cells
The most common adverse occurences for the patients after CAR-T cell infusion were mild skin toxicity, nausea, vomiting, dyspnea and hypotension (Table 2) . One patient suffered a transient grade 3-4 increase in serum lipase. The 
Clinical response
The median dose of transfused CAR + T cells was 0.97×10 7 cells kg −1 (IQR, 0.45 to 1.09×10 7 cells kg −1 ). Two patients
Figure 2
In vivo persistence of CAR-T-EGFR cells. A, The persistence of the infused CAR-T-EGFR cells in the peripheral blood. Q-PCR was used to assess the level of CAR-T-EGFR cells using the DNA obtained from the PBMCs of all patients, which were harvested before and at serial time points after CAR-T-EGFR cell infusion. B, Correlations of the CAR copy numbers in tumor biopsy versus peripheral blood collected at the same time. Q-PCR analyses showing the levels of CAR-T-EGFR cells using the DNA obtained from ultrasound-guided biopsy of malignant lymph nodes or tumor tissues. Malignant lymph nodes were separately collected at 26 weeks in patient 1 and at 16 weeks in patient 8 after CAR-T-EGFR cell infusion. Tumor tissues in the lung were separately collected at six weeks in patient 2, at six weeks in patient 6 and at 6 weeks and 16 weeks in patient 8 after CAR-T cell infusion. Ly indicates malignant lymph node, and Tu indicates tumor tissue from the lung.
obtained PR and five had stable diseases (SD) after the infusion of CAR-T-EGFR cells (Table 1) . In cohort 1, three patients obtained SD and one patient progressed. With the exception of two SD patients, two patients in cohort 3 also had a PR. In contrast, the outcome of the patients conditioned with cyclophosphamide alone was poor. The disease of one patient progressed quickly with multiple new metastatic lesions in the liver, lungs and bones, as well as rapid development of the primary lesion within one month, and this patient died of gastrointestinal hemorrhage two months later (the most likely cause of death was due to overdose of oral analgesics). The other patient had a new metastatic neoplasm detected next to her pancreas 1.8 months after the infusion of CAR-T cells. Patient 1 was diagnosed with a stage IV lung adenocarcinoma with an EGFR exon 19 mutation. She was treated with one cycle of pemetrexed, cisplatin and radiotherapy for bone metastasis, followed by gefitinib for five months. She was recruited onto the CAR-T-EGFR protocol when gefitinib resistance was confirmed, and obtained a 5.7-month SD accompanied by reduction of pleural effusion ( Figure  3A) . The enrichment of CD3 + cells and reduction of EGFR-positive tumor cells were observed in the tumor tissue biopsied from the same metastatic lymph node in the supraclavicular fossa ( Figure 4A ).
Patient 6 had stage IV lung adenocarcinoma with an exon 19 deletion in EGFR. This patient presented with metastasis in the mediastinal lymph nodes, bones and left adrenal gland. She was previously treated with two cycles of first-line chemotherapy, which resulted in SD. Next, she was administered gefitinib, leading to PR that was maintained for five months. She was then treated with the CAR-T-EGFR protocol when her tumor re-enlarged, and the result was SD. Interestingly, however, CT images showed enlargement of her lung cancer, immunohistochemical staining of the biopsied tissue from the same lung lesion pre-and post-treatment presented a dramatic clearance of EGFR-positive tumor cells and a rapid proliferation of EGFR-negative tumor cells ( Figure 4B ).
Patient 8 was treated with two cycles of first-line chemotherapy regimens after being diagnosed with a stage IV lung adenocarcinoma, which led to a transient SD. After confirmation of chemotherapy resistance, this patient received the anti-EGFR CAR-T cell infusion and entered a PR with shrinkage of the primary lesion, reduction of pleural effusion, and relief of cancer-related pain ( Figure 3B ). His PR status was maintained for 3.5 months until a new metastatic lymph node emerged in his left supraclavicular fossa and the primary lesion progressed again. The primary lesion was biopsied one month after the infusion of CAR-T cells, and at 3.5 months when progression was confirmed, along with the biopsy of the new metastatic lymph node. The successive IHC examinations showed a decrease of EGFR-positive tumor cells and an increase of EGFRnegative tumor cells in his lung lesion ( Figure 4C ).
Patient 9, having a history of mantle cell lymphoma (MCL), was once considered to have recurring MCL when a new lesion emerged in her right pulmonary lobe during her routine follow up. She received radiotherapy and four cycles of chemotherapy after being diagnosed with lung adenocarcinoma by FNA. However, her disease progressed with a 50% increase of the tumor lesion in right pulmonary lobe and appearance of massive pleural effusion when evaluated one month after the last cycle chemotherapy was completed. After treatment with the CAR-T-EGFR protocol, she entered a PR with shrinkage of both target neo- plasm and pleural effusion ( Figure 3C ). Unfortunately, because the deeper location of the target lesion in her right pulmonary lobe made it very dangerous to biopsy, there was no pathological evidence to furtherly assess the anti-EGFR CAR-T cell immunotherapy.
DISCUSSION
To our knowledge, this clinical trial was the first to study the safety and feasibility of CAR redirected autologous T cells for the immunotherapy of patients with advanced NSCLC. The mild toxicities which occurred in this study indicated that the infusion of CAR-T-EGFR cell was safe, and the clinical response including two PR suggested the feasibility and potential activity of the CAR-T-EGFR protocol. The pathological outcome from patient 1 indicated that the CAR-EGFR T cells could traffic into the tumor tissues and might be related to the eradication of EGFR-expressing tumor cells.
Following the success of in vitro expanded tumorinfiltrating lymphocytes (TILs) after a lymphodepleting regimen for the treatment of metastatic melanoma, we realized that the host's immune system needs to be properly conditioned prior to the infusion of adoptive immune cells to create an appropriate "lymphoid space" that is devoid of regulatory mechanisms (Dudley et al., 2002) . The proper conditioning could enable the host to accommodate the transferred T lymphocytes and give these cells an advantage over other competing cell populations. Cyclophosphamide has historically been used to augment the antitumor immune responses before cell-based immunotherapy by depleting CD4 + CD25 + regulatory T cells (Tregs) (Muranski et al., 2006) . However, the poor outcome in cohort 2 indicates that conditioning with cyclophosphamide alone in solid tumors seems inappropriate. This is because the cyclophosphamide-mediated depletion of Tregs is usually transient and a new Treg cell population quickly re-forms (Alizadeh et al., 2014) . In addition, the non-selective elimination or inhibition of effector T cells may contribute to tumor cells escaping from the host's immune surveillance and acceler-ating metastasis. Although many chemotherapeutic agents, such as pemetrexed and docetaxel (Anraku et al., 2010; Garnett et al., 2008) , are generally referred to be cytotoxic, they can enhance immunity by reducing myeloid-derived suppressor cell (MDSC) infiltration, repair Tregs function or modulate CD8 + T cells (Kershaw et al., 2013) . Moreover, chemotherapy could convert the tumor microenvironment into a highly permissive state for immune cells (Kang et al., 2013) . Therefore, we suggest that patients with lesions larger than 3 cm should be conditioned with a combination of chemotherapeutic drugs and cyclophosphamide.
Current data, such as that of the milder toxicities experienced by patients in this protocol and no cytokine storm, indicated that the CAR-T-EGFR protocol was safe for the treatment of patients suffering advanced EGFR-positive NSCLC. We proposed interpretations in the following aspects. First, the safety of CAR-EGFR T cell was demonstrated in an animal model by Zhou et al. who reported that CAR modified EGFR-specific T lymphocytes have no, or only minimal, systemic acute toxicity in mice (Zhou et al., 2013) . Second, the levels of transfused cells were safe when compared with the other trials that used CAR-T cells in patients with solid tumors (Ahmed et al., 2015; Louis et al., 2011; Robbins et al., 2011) . Third, and more importantly, CAR-T-EGFR cells were successively infused with dose escalation.
On-target/off-tumor toxicity related to CAR-T cell infusion was proposed to have a lethal risk for solid tumor patients, given that the selected target antigens are not always restricted to tumor cells (Morgan et al., 2010) . EGFR expression has been observed in both epithelium-derived malignancies and most epithelial cells, raising great concerns in the target-mediated toxicity on EGFR-expressing normal tissues. However, the lower affinity of CAR molecule with EGFR antigen may discriminate the damage activities between normal cells with relatively lower level expression of EGFR and tumors with higher expression (Caruso et al., 2015; Chmielewski et al., 2014; Liu et al., 2015) . In this study, tolerable and controllable EGFR targeting-related toxicities were just observed in 11 NSCLC cases as shown in Table 2 , implying an appropriate affinity of EGFR-CAR epitope we adopted.
Interestingly, the current study showed that EGFR exon 19 deleted-patients who failed to respond to EGFR tyrosine kinase inhibitors (EGFR-TKI) could reach a better outcome after the infusion of CAR-T-EGFR cells. This implied that the CAR-T-EGFR cell immunotherapy may be more effective in the presence of a secondary mutation of EGFR. The T790 M mutation, which occurred in approximately 50% of patients with EGFR-TKI resistance, was the most common secondary mutation (Oxnard et al., 2011) , and was reported to be capable of transforming T cell epitopes, which in turn could result in sensitization of EGFR antigen to antibodies (Yamada et al., 2013) .
To our knowledge, the trafficking of effector T cells to the tumor is a prerequisite for T cells to carry out their anti-tumor effects (Robbins et al., 2004) . In this trial, we monitored the level of CAR-T-EGFR cells in the peripheral blood and biopsied tumor tissues by Q-PCR. The results showed that copies of the CAR gene could be detected in primary lesions and metastatic sites, indicating that the CAR-T-EGFR cells could effectively migrate into the tumor lesions. However, our data also revealed that the amounts of CAR-T-EGFR cells in peripheral blood were not paralleled to that in tumor lesions or the clinical outcomes, implying that the level of CAR-T-EGFR cells in peripheral blood was not likely to be a valid index for monitoring the effect of CAR-T-EGFR cells in solid tumors.
In conclusion, our data demonstrate that the CAR-T-EGFR protocol is safe and feasible for treating EGFRpositive advanced relapsed/refractory NSCLC, suggesting that the CAR-T cell therapy could be a promising anticancer strategy for other solid tumors, particularly those with high EGFR expression. Improvements of the CAR vector, transfection efficiency, T cell culture and conditioning regimens may further improve the activity of CAR-T-EGFR protocol. Meanwhile, we lack a more proper index that could reflect the function of CAR-T-EGFR cells in vivo and valid methods for managing EGFR-negative tumor cells after the anti-EGFR CAR-T cell therapy. This urgently needs to be resolved in the near future.
MATERIALS AND METHODS
Study design
This study was an open-label, prospective phase I trial (registered at www.clinicaltrials.gov as NCT01869166) conducted on patients with EGFR + advanced relapsed/refractory NSCLC who failed to respond to the standard chemotherapies or EGFR tyrosine kinase inhibitors. Eleven patients were recruited between July 1, 2013, and November 30, 2014. The primary objective was to evaluate the safety and feasibility of CAR-T-EGFR protocol in treating patients suffering EGFR positive advanced NSCLC. The secondary objective was to assess the efficacy of CAR-expressing T cells.
Eligibility criteria
E ligible patients were aged 18 years or older, had histologically confirmed NSCLC with EGFR expression, had an Eastern Cooperative Oncology Group performance status of 0-2, had measurable lesions, had received at least two cycles of chemotherapy or targeted therapy with poor outcomes, and had provided written informed consent. The Ethics Committees of the Chinese PLA General Hospital approved the study protocol.
Construction of the chimeric antigen receptor and lentivirus production
The EGFR-binding single chain fragment variable (scFv) sequence was derived from GenBank No. JQ306330.1. The anti-EGFR scFv-CD137-CD3zeta CAR ( Figure 1A ) was generated and cloned into the lentiviral backbone pWPT, which consisted of a Kozak sequence, a signal peptide of rat growth hormone, a V L region sequence of the anti-human EGFR antibody, a linker peptide, a V H region sequence of the anti-human EGFR antibody, the human CD8a molecule transmembrane region, and intracellular signaling domains of CD137 and CD3zeta. The construct was verified by sequencing. A pseudotyped, clinical-grade anti-EGFR CARencoding lentiviral vector was manufactured by standard transient transfection of a three-plasmid system into 293T cells as previously described (McGinley et al., 2011) . The pWPT-anti-EGFR CAR plasmid, ps-PAX2 packaging plasmid and pMD2.G envelope plasmid were transfected into 293T cells using the PEI transfection reagent (Sigma-Aldrich, USA), according to the manufacturer's instructions. The lentiviral supernatants were collected and stored at −80°C.
Anti-EGFR CAR-T cells
The patients' CAR-T-EGFR cells were manufactured at the Chinese PLA General Hospital Good Manufacturing Practice facility using standard operating procedures. Peripheral blood mononuclear cells (PBMCs), collected by Ficoll-Hypaque density-gradient centrifugation, were cultured on plates coated with 5 μg mL −1 anti-CD3 MoAb (TaKaRa, Japan) in GT-T551 medium (TaKaRa) supplemented with 1,000 U mL −1 recombinant human IL-2 (rhIL-2) (Peprotech, USA). On day two of cell culture, the culturing supernatants were removed and lentiviral transduction was performed in GT-T551 medium with protamine sulfate (Sigma) and 1,000 U mL −1 rhIL-2 for 24 h. A second transduction was performed on the following day. After transduction, CAR-T cells were transferred to culture bags (TaKaRa). Fresh medium containing 1,000 U mL −1 rhIL-2 was added every three days.
Conditioning regimens and infusion of CAR-T-EGFR cells
Based on the tumor burden, the enrolled patients were assigned to three different cohorts: in cohort 1, patients who had tumor size less than 3 cm or who could not tolerate the toxicity of chemotherapy although the lesions were larger than 3 cm were not administered with any conditioning treatment. Patients in cohorts 2 and 3, who had tumors no less than 3 cm, were conditioned with cyclophosphamide and combination of chemotherapy and cyclophosphamide, respectively. Chemotherapy was administered seven days prior to the anti-CAR-EGFR T cell infusion. Cyclophosphamide was administered at a dose of 30 mg kg −1 three days before the infusion of T cells. The CAR-T-EGFR cells were successively infused with dose escalation. rhIL-2 was administered in the following five days. The clinical responses were defined according to RECIST1.1 and immune-related response criteria (Eisenhauer et al., 2009; Wolchok et al., 2009) . Adverse events were documented and graded based upon the Common Terminology Criteria for Adverse Events Version 4.0 (CTCAE 4.0). Serum samples detecting CAR-T cells were collected on days 1, 3, and 5 and then every month after the infusion of the CAR-T-EGFR cells.
Follow-up
At follow-up, patients were assessed monthly for measurable and non-measurable lesions using Computed Tomography, the number of transgene copies of the CAR vector in peripheral blood and/or lesions, and hematology and biochemistry until there was evidence of disease progression or death. The target lesions were biopsied to measure the number of CAR-T-EGFR cells that infiltrated the tumor tissues and to monitor any changes in EGFR expression on the tumor cells.
Flow cytometry
The surface expression of CAR-T-EGFR cell products was analyzed by flow cytometry. The CAR-T cells were collected after culturing 10 to 13 days and stained with anti-human antibodies against CD3-PerCP, CD4-FITC, CD8-PE, CD45RO-APC, CD56-APC, CD62L-PE and CCR7-PE-CY7 (BD Biosciences, USA) for 30 min at 4°C in the dark. Isotype-matched monoclonal antibodies (BD Biosciences) were used for control staining. CAR expression was assayed with biotinylated protein L (GeneScript, Piscataway) as previously described (Zheng et al., 2012) . Data acquisition and analysis were performed by FACSCalibur flow cytometry (BD Biosciences).
Cellular cytotoxicity and cytokine assays
The cytotoxic activity of CAR-T-EGFR cells was assessed by targeting the EGFR-positive human lung carcinoma cell line A549, human breast carcinoma cell line MCF7, and human cervical carcinoma cell line HeLa, as well as the EGFR-negative human ovarian cancer cell line A2780 as previously described (Zhou et al., 2013; Wang et al., 2011) . The CAR-T-EGFR cells were co-cultured with A549, MCF7, HeLa or A2780 tumor cells at an effector-to-target (E : T) ratio of 5 : 1, 10 : 1, 20 : 1 and 40 : 1, respectively, for 4 h. Nonor mock-transduced cells served as controls. The cytotoxicity of CAR-T-EGFR cells was evaluated using a Cell Counting Kit (CCK)-8 Detection kit (DOJINDO, Japan). Specific lysis was calculated as follows: % Lysis= (control group −experimental group)/control group×100%. The levels of cytokines, including IL-2, IL-4, IL-6, TNF-alpha, IFN-gamma, GM-CSF and Gram B, in the cultured supernatant were assessed by ELISA after the CAR-T-EGFR cells co-cultured with A549, MCF7, HeLa or A2780 cells at an E : T ratio of 20 : 1 for 24 h.
Quantitative real-time PCR
Q-PCR was used to assess the persistence of the CAR-T-EGFR cells according to a previously described protocol (Savoldo et al., 2001 ). The genomic DNA was extracted from the PBMCs collected before and at different time points after the CAR-T cell infusion using a QIAamp DNA Blood Mini Kit (Qiagen, Valencia). The DNA was amplified in triplicate with primers and TaqMan probes (Applied Biosystems, USA) specific for a 153-bp (base pair) fragment that contains portions of the CD8a chain and adjacent 4-1BB chain (the forward primer 5′-GGTCC-TTCTCCTGTCACTGGTT-3′ and reverse primer 5′-TC-TTCTTCTTCTGGAAATCGGCAG-3′) using the ABI PRISM 7900HT Sequence Detection System (Applied Biosystems). Q-PCR was also used to assess the CAR fusion gene in the tumor sites and malignant lymph node biopsies.
Cytokine measurements
BD Biosciences microbead sandwich immunoassay was used to test and analyze the levels of serum IL-2, IL-4, IL-6, IL-8, IL-10, IL-12p70, IL-12/IL23p40, IFN-gamma, TNF-alpha, VEGF and Granzyme B according to the manufacturer's instructions using a BD FACSCalibur flow cytometry before and at different time points after the CAR-T-EGFR cell infusion.
Statistics
Descriptive statistics were used to summarize the data in multiplex analyses. GraphPad Prism version 6.0 for Windows was used to perform the statistical analysis. The results are shown as the means±SDs. The statistical significance between groups was determined using two-way analysis of variance (ANOVA). P<0.05 were considered to be statistically significant.
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SUPPORTING INFORMATION
Figure S3
The cytokine levels in all patients before and after CAR-T-EGFR cell infusion. Serum was obtained from the peripheral blood of each patient before and at serial time points after CAR-T-EGFR cell infusion. BD Biosciences microbead sandwich immunoassay was used to show the changes in the serum cytokine levels in all patients. The supporting information is available online at life.scichina.com and link.springer.com. The supporting materials are published as submitted, without typesetting or editing. The responsibility for scientific accuracy and content remains entirely with the authors.
